
Wave climate over the Black sea basin and western shelf: 
monthly mean Hs maps for January. 

In 2007 at the SRB “Shkorpilovtsi” was 
conducted an international experiment aiming 
acquisition and processing of new data in 
order to study the processes of wave shoaling, 
sediment transport and bottom profile 
deformations in storm conditions. Considering 
these aims the following equipment were 
mounted along the pier: 15 wave gauges, 
electromagnetic two-component current meter 
and laser Doppler particle size analyzer 
LISST-100. During the experiment were carried 
out: a simultaneous registration of the sea 
surface elevations, measurements of cross-
shore profile changes in storm conditions, 
measurements of shore-line position and 
beach topography by TOPCON (Electronic 
Total Station) and bottom bathymetry by GPS-
integrated echo sounder. 

The scientific pier at SRB “Shkorpilovtsi” 

In order to examine the adequacy of different probability density functions 
used to describe the peaks, troughs and peak-to-trough excursions of wind 
waves measured in the coastal zone of the Bulgarian part of the Black sea, 
various theories for non-Gaussian random process were applied. Some 
theories depend on the mean, variance and coefficient of skewness of the 
process. Others also take the coefficient of kurtosis   into consideration. 
The analyzed field data are gathered in the coastal zone with depth decreasing 
from 18m to 1.3m. As a result of the investigation it was established that the 
probabilities of occurrence of large wave crests and heights are under-
predicted by all of the observed theories (Figs aside - a, b). The troughs are 
well described by the theory of Ochi (1998) for                        - Fig. (c). For 
negative values of the coefficient of skewness the troughs are in good 
agreement with the theoretical results of Al-Humoud et al. (2002) – Fig.(d). The 
theoretical model of Mori and Yasuda (2002) is not appropriate for shallow 
water. 
Exceedance probability of: a) wave crests for water depth h = 1.30 m, b) wave height for 
water depth h = 1.30 m,  c) wave troughs for water depth h = 1.30 m, d) wave troughs for 
negative or large values of coefficient of skewness at water depth h = 11.00 m 

Comparison of conventional and parametric bi-spectral estimates calculated for wave record registered during the 
international field experiment “WAVE’90” at SRB “Shkorpilovtsi”; water depth h = 1.60 m, Hs = 0.587; solid line – 
conventional bi-spectral estimates, dotted line – AR bi-spectral estimates, dashed line – ARMA bi-spectral estimates 

In the coastal zone the basic nonlinear effects are of two types: wave breaking (Phillips, 1958) and 
non-linear interactions between wave components (Hasselman, 1962; Phillips, 1960). The nature of 
second order non-linear interactions between wind waves in the coastal zone can be examined by 
means of bi-spectrum, since it can detect quadratic phase coupling and distinct phase dependent 
components from those, which are not (Mendel, 1991).  
The bi-spectrum estimates can be calculated by conventional and parametric methods (Mendel, 
1991). The advantages of parametric models over the conventional methods are: 1) more accurate 
phase information recovery and 2) increased resolution capability of the estimator in resolving 
closely spaced peaks in bi-spectrum domain (Mendel, 1991). 
Over the years the conventional bispectrum estimation was used to study some aspects of non-
linear dynamics of shoaling wind waves by many researchers (Herbers & Guza 1991, 1992, 
Cherneva et al. 2005, Cherneva & Soares 2005), etc. 
Recently we have proved that parametric approach can be successfully applied for examination of 
second order non-linearity of wind waves propagating in the coastal zone. The comparison of non-
parametric and parametric bispectra reveals that estimates shows good agreement, especially for 
bispectral maximums (Fig.2). According to ARMA bispectral estimates, AR estimates coincide much 
better with conventional bispectra, but the former are better detectors of peaks at frequency pairs 
                  and                      . 

Locations of the instrumental measurement of sea 
surface fluctuation performed by IO-BAS over the 
years. 

The seasonal sea level variations along the Bulgarian 
Black sea coast are about 15 cm, as minimum value is 
in October and maximum in May  

Probability function of the minimum levels for: Varna 
bay (left ) and Bourgas bay (right) 

Probability function of the maximal levels for Varna 
bay (left ) and Bourgas bay (right) 

Knowledge of maximum sea levels is 
especially important for the purposes of 
coastal construction design and coastal 
protection. On the other hand the minimum sea 
levels are also important, because of the 
maintenance of port and harbor aquatories and 
navigation channels. Presented probability 
functions of extreme (maximum and minimum) 
sea levels were calculated using the 
asymptotic theory. 

Validation of wind forcing (above) and modeled with 
SWAN Hs (below) against measurements at the 
Galata platform grid point in November 2007. 

Wind field over the Black sea basin in December 
simulated by Regional Atmospheric Model (REMO) 

The scientific activity in this field focuses on 
adaptation and validation of contemporary 
wave models, which take into account the 
generation, propagation and transformation of 
the wind waves in the open sea and the coastal 
zone. The department runs several state-of-the-
art wave models such as WAM, WAVEWATCH 
and SWAN both for basin-scale and shelf 
applications.  
The wind wave climate of the Black Sea and the 
western shelf are hindcasted on the basis of 
coarse resolution global atmospheric ECMWF 
re-analysis data spanning 50 years (1958-2007). 
Two models are employed for wind wave hind-
casting: spectral parametrical model (SPM) and 
the SWAN model. A coupled system of wave 
models is set up in the following manner. WAM4 
model is run for the whole Black Sea basin. The 
SWAN Cycle III model employed for wave 
simulations in the western shelf zone and 
shallow water is nested into the SPM model. Its 
output serves as the external boundary 
conditions, in terms of significant wave height, 
mean wave period, and mean wave direction, to 
be set. The model is adapted and validated for 
the areas of application. 

The gas exploration platform Galata is 
located in the western part of the Black 
Sea, 26 km off Cape Galata.  

The nowadays oceanographic studies on small and large-scale basis require application of most contemporary and effective methods and 
technologies for data acquisition, like those of remote sensing and especially satellite remote sensing. The recent advances in technologies, lower 
cost, and greater availability of remotely-sensed data has made it a much more attractive solution for local, regional and global oceanographic 
issues. 
Although the remote sensing approach has certain disadvantages new sensors and processing and analysis techniques have been already 
developed to help better interpretation of the existing measurements. On the other hand the advantages of the remote sensing are quite obvious 
and can be briefly summarized as: 
•  offers wide regional coverage and good spectral resolution; 
•  can provide data and information in areas where access is difficult or dangerous to reach; 
•  enables continuous acquisition of data - over weeks, months, years and decades; 
•  helps to receive up-to-date information; 
•  posses capability of integrating multiple, interrelated data sources and analysis procedures; 
The modern sensors of different types mounted on satellites allow measurements of numerous oceanographic parameters on ocean (sea) scale, as 
well as in the coastal zone. On the other hand, we should not forget that it is not enough to rely on satellite observations only. Measurement data 
are still collected by older, more traditional methods by in situ measuring platforms. The measurements from these observation instruments are 
necessary to verify the observations from satellites. 

Some of possible needs for and uses of coastal altimetry data can be recap as: 
•  Combining in situ and remote sensed data for wider overview, better interpretation and understanding of coastal dynamical 
processes; 
•  Validation of model results for any grid point where in situ data have never been collected; 
•  Assimilation of altimetry data in wind wave, storm surge and circulation models; 
•  Secondary use of results to piece together the picture of bed deformation and sediment transport; 
•  Closer and more reliable wide range monitoring of coastal processes impact on the shore, and as a tool for environmental 
management. 

Contacts: 
Institute of Oceanology – BAS 
P.O. Box 152, 9000 Varna 
Bulgaria 
valchev@io-bas.bg 
n.andreeva@io-bas.bg 
trifonova@io-bas.bg 


